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Autophagy removes protein aggregates, damaged organelles, and intracellular pathogens from cells and
helps to recycle lipids and protein building blocks. However, regulatory mechanisms of the initial, rapid
response are largely unknown. In this issue of Developmental Cell, Antonioli et al. (2014) provide mechanistic
insights into autophagy induction and termination by Cullin E3 ligases.Macroautophagy (henceforth autophagy)
is characterized as a bulk degradative
process that requires the formation of a
double membrane vesicle around the
cargo that is to be degraded by the cell.
This can include non-selective removal
of cytosolic proteins (general, starvation-
induced autophagy), or selective removal
of protein aggregates, intracellular patho-
gens, damaged organelles (e.g., mito-
chondria), and peroxisomes (reviewed
in Stolz et al., 2014). More recently, the
role of post-translational modifications in
regulating the activation, amplitude, and
duration of autophagy has become a key
area of interest due to the implications
of deregulated autophagy in multiple dis-
ease areas. Initiation of autophagosome
formation is tightly controlled by the
nutrient sensor kinase mammalian target
of Rapamycin (mTOR). Under normal,
‘‘fed’’ conditions in which there is an
abundance of amino acids, mTOR is
active and suppresses autophagy through
phosphorylation of, among others, a
downstream kinase complex, namely the
ULK1 complex (ULK1, FIP200, Atg101,
and Atg13). Cellular stress such as amino
acid deprivation (henceforth starvation)
is a potent inducer of the autophagy
pathway. Upon starvation, mTOR is deac-
tivated and dissociates from the ULK1
complex, allowing for activation of ULK1
and subsequent downstream phospho-
rylation events.
One point of convergence of both
mTOR and ULK1 kinase complexes is
the scaffold protein AMBRA1. Under
‘‘fed’’ conditions, AMBRA1 is phosphory-
lated and inhibited by mTOR. However,
upon starvation, mTOR-mediated phos-
phorylation is lost and active ULK1 phos-
phorylates AMBRA1 at a separate site.These signals then serve, on the one
hand, to recruit the E3 ligase TRAF6 to
ubiquitinate and stabilize the ULK1 com-
plex (loss of mTOR phosphosite) (Nazio
et al., 2013). On the other hand, phos-
phorylation of AMBRA1 by ULK1 drives
the interaction with, and activation of,
the BECLIN1 complex, subsequently initi-
ating autophagosome formation (Di Bar-
tolomeo et al., 2010; Fimia et al., 2007).
However, during periods of prolonged
starvation, in which turnover of proteins
by autophagy causes increased amino
acid availability, mTOR is reactivated
and autophagy is suppressed (Yu et al.,
2010). Therefore, phosphorylation has a
key role in the initiation and termination
of autophagy. However, the roles of ubiq-
uitination and the activity of E3 ligases in
these processes are less clear. In this
issue of Developmental Cell, Antonioli
et al. (2014) describe a hitherto-uncharac-
terized role for Cullin E3 ligases in the
regulation of early and late steps of the
autophagosome biogenesis.
Our current understanding of the roles
of E3 ligases in autophagy is fairly limited.
We know that the RING-between-RING
E3-ligase Parkin induces mitophagy
through ubiquitination of multiple mito-
chondrial proteins (Geisler et al., 2010;
Sarraf et al., 2013), that RNF5, a RING-
type E3 ligase, negatively regulates
autophagy through ubiquitination and
destabilization of the cysteine-protease
ATG4B (Kuang et al., 2012), and that
SCF(b-TrCP)-mediated ubiquitination and
stabilization of the mTOR inhibitor DEP-
TOR (Zhao et al., 2011) inhibits auto-
phagy. However, the detailed role that
E3 ligases play in regulating the temporal
kinetics of both ‘‘on’’ and ‘‘off’’ signals for
autophagy is unclear.Developmental Cell 31, DAntonioli et al. report on the effects of
Cullin E3 ligases on both the initiation
and termination of autophagy in response
to stress. The authors used mass spec-
trometry to identify new interaction
partners of AMBRA1 and identified the
E3 ligase Cullin 4 as a prominent inter-
actor under nutrient rich conditions. This
interaction suggested that AMBRA1
protein levels may be regulated by
the ubiquitin/proteasome system. Indeed,
upon starvation, AMBRA1 stability in-
creased transiently, peaking after 1–2 hr.
The authors then identified the Cullin 4
adaptor protein, DDB1, as a direct inter-
action partner of the AMBRA1 WD40
domain and showed that depletion of
DDB1 stabilized AMBRA1 protein levels
by inhibition of its ubiquitination, facili-
tating the initiation of autophagy.
However, prolonged starvation caused
a rapid decrease in AMBRA1 protein
levels, prompting the authors to question
the mechanisms involved in AMBRA1
regulation during autophagy. They found
that the mTOR phosphorylation site
on AMBRA1 had no effect on DDB1/
Cullin4 interaction but that ULK1-
mediated phosphorylation of AMBRA1
was required for the dissociation of
DDB1/Cullin4. However, this dissociation
was transient, because at later time
points DDB1/Cullin4 reassociated with
AMBRA1, leading to a sharp decline in
AMBRA1 protein levels, which correlated
with reactivation of mTOR. Thus, the
authors show that DDB1 can terminate
the autophagic response by reassociating
with and ubiquitinating AMBRA1, leading
to its degradation and to termination of
the autophagy response. This suggested
that DDB1 may modulate autophagy
flux. Indeed, the authors showed thatecember 22, 2014 ª2014 Elsevier Inc. 675
Figure 1. Temporal Dynamics of AMBRA1/Cullin-Mediated Regulation of Autophagy
Under conditions of high nutrient availability (fed conditions; autophagy off), AMBRA1 protein levels
are maintained at low levels through inhibitory mTOR phosphorylation and DDB1/Cullin4-mediated
ubiquitination of AMBRA1. In stress conditions (starvation), DDB1/Cullin4 dissociates and ULK1 phos-
phorylates AMBRA1. AMBRA1 levels are transiently stabilized, inhibiting ElonginB/Cullin5-mediated
degradation of DEPTOR and further inhibiting mTOR activity. Under prolonged stress conditions,
DDB1/Cullin4 reassociates with AMBRA1 and ubiquitinates and promotes AMBRA1 degradation and
autophagy termination.
Developmental Cell
Previewsdownregulation of DDB1 resulted in an
increase in both autophagy flux and
the duration of the response, resulting
in unrestricted autophagy activation and
increased cell death.
In light of this, the authors also explored
the role of other Cullin accessory proteins,
namely ElonginB (EloB) and SUGT1, as
these were also found in the AMBRA1
interaction partner screen. Only EloB
affected autophagic flux. The authors
found that silencing EloB decreased
mTOR activity through stabilization of the
mTOR inhibitor DEPTOR and decreased
inhibitory phosphorylation of ULK1 by
mTOR. Indeed, EloB was found in a
complex with DEPTOR and Cullin5, where
Cullin5/EloB was shown to regulate the676 Developmental Cell 31, December 22, 20ubiquitination and stability of DEPTOR.
The authors went on to show that the in-
teractions of AMBRA1 with DDB1/Cullin
4 and EloB/Cullin5 were inversely corre-
lated during nutrient-rich and starvation
conditions (AMBRA1/DDB1 nutrient rich;
AMBRA1/EloB starvation). Moreover, the
authors show that in the absence of
AMBRA1, DEPTOR does not accumulate,
negatively impacting mTOR deactivation
during starvation. Finally, ULK1 phosphor-
ylation of AMBRA1 regulated the release
of DDB1 and promoted the AMBRA1-
EloB association, impairing Cullin5-medi-
ated degradation of DEPTOR.
Overall, the authors show that, through
dynamic interactions with AMBRA1,
Cullin proteins 4 and 5 regulate the early14 ª2014 Elsevier Inc.and late stages of cell response to starva-
tion, providing both the initiation and
termination signals for starvation-induced
autophagy (Figure 1). The limiting of the
autophagic response in such a way is
crucial because uncontrolled protein and
organelle turnover can lead to increased
cell death, a fate that the cell may wish
to avoid. Several key questions arise
from this study, including whether the
DDB/Cullin complexes regulate other
autophagy proteins in a similar manner,
whether DDB1 regulates other E3 ligases
in a nutrient-dependent manner, and
whether disease conditions with aberrant
expression of Cullin proteins or adaptors
affect how the autophagy response
is tailored in these circumstances. The
insights provided in this study open
new directions in studying the spatiotem-
poral organization of regulatory loops in
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